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FOREWORD 


The  research  reported  herein  was  sponsored  by  the  Arnold 
Engineering  Development  Center  (AEDC),  Air  Force  Systems  Com¬ 
mand  (AFSC),  under  Program  Element  65402234. 

The  results  of  research  presented  were  obtained  by  ARO,  Inc. 

(a  subsidiary  of  Sverdrup  and  Parcel,  Inc.  ),  contract  operator  of  the 
AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee,  under  Contract 
AF  40(600)- 1200.  The  research  was  conducted  from  December  9,  1963, 
to  February  1,  1965,  under  ARO  Project  No.  VK3080,  and  the  manu¬ 
script  was  submitted  for  publication  on  February  25,  1966. 

The  successful  development  of  this  ultralightweight  model  launch¬ 
ing  technique  has  been  made  possible  by  the  support  afforded  the  authors 
by  the  Launcher  Development  Section  of  the  Aerophysics  Branch  of 
VKF,  AEDC.  The  analysis  of  the  launcher  cycles,  with  the  aid  of  micro- 
wave  techniques  (developed  by  the  Aerophysics  Instrumentation  Section) 
to  determine  the  best  cycle  for  lightweight  models,  was  carried  out  by 
A.  J.  Cable,  The  modification  of  commercial  molding  techniques  to  suit 
the  present  application  was  carried  out  by  M.  D.  Prince  and  B.  W.  Duke. 

Conrad  O.  Forsythe  Donald  R.  Eastman,  Jr. 

Captain,  USAF  DCS  /Research 

Aerospace  Sciences  Division 

DCS/Research 
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ABSTRACT 


Techniques  have  been  developed  to  launch  ultralightweight  models 
(i.  e. ,  densities  on  the  order  of  1  lb/ft^)  from  a  two-stage  light-gas 
gun.  To  date,  spheres  and  cones  have  been  launched  with  some  success. 
The  purpose  of  the  development  was  to  determine  whether  useful  aero¬ 
dynamic  data  (e.  g.  ,  sphere  drag)  could  be  obtained  in  a  short  aeroballistic 
range  at  pressures  on  the  order  of  0.  01  mm  Hg.  A  number  of  spheres 
have  been  launched  in  support  of  this  effort,  some  at  pressures  as  low  as 
0.  03  mm  Hg.  There  is  good  agreement  between  these  measurements  of 
sphere  drag  coefficient  and  those  produced  in  low-density  wind  tunnels. 

The  application  of  this  technique  to  a  longer  range  having  a  lower  pressure 
capability,  say,  0.  001  mm  Hg,  would  permit  measurements  to  be  made 
in  the  near-free-molecule  flow  regime. 
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NOMENCLATURE 


Cp  Drag  coefficient 

d  Diameter  of  sphere 

M,,,  Free- stream  Mach  number 

m  Model  mass 

Re2  Reynolds  number  based  on  conditions  immediately  down¬ 

stream  of  a  normal  shock 

S  Sphere  cross-sectional  area,  Trd^/4 

T^r  Model  wall  temperature 

T„  Free- stream  temperature 

t  Time 

V  Velocity 

p  Air  density 

pm  Model  density 
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SECTION  I 
INTRODUCTION 


The  accuracy  of  drag  measurements  in  an  aeroballistic  range 
depends  upon  the  precision  with  which  model  weight,  diameter,  velocity, 
and  deceleration  and  range  temperature  and  pressure  can  be  measured. 
Measurement  of  all  of  these  quantities  except  deceleration  is  independent 
of  model  material,  and  in  a  well  instrumented  aeroballistic  range  these 
quantities  can  be  measured  with  a  high  degree  of  accuracy  over  a  wide 
range  of  velocity  and  pressure.  Because  deceleration  is  inversely  pro¬ 
portional  to  the  product  of  model  density  and  the  cube  of  the  diameter 
<Pmd3)'  in  order  to  have  a  measurable  deceleration  at  low  ambient 
pressures,  the  practice  has  been  to  reduce  the  model  size.  Velocity 
and,  hence,  deceleration  measurements  are  made  by  photographing  the 
model  position  at  measured  times  with  respect  to  a  series  of  fixed  points 
in  the  range.  The  problems  of  detecting  and  photographing  small  models 
limit  the  applicability  of  this  ,rsmall  model'1  technique. 


SECTION  II 
TEST  FACILITY 


2.1  HYPERVELOCITY  PILOT  RANGE 

The  hypervelocity  pilot  range  (Armament  Test  Cell,  Hyperballistic 
(K)>  has  a  75-ft  instrumented  length  with  six  dual- axis  shadowgraph 
stations  spaced  at  15-ft  intervals.  Range  K  was  established  with  the  in¬ 
tention  of  investigating  launching  and  instrumentation  techniques  for  use 
in  other  hypervelocity  ranges,  with  particular  reference  to  the  1000-ft 
hypervelocity  range  (Armament  Test  Cell,  Hyperballistic  (G))  which  has 
an  850-ft  instrumented  length.  Range  K  consists  of  the  following  major 
components:  launcher,  blast  and  range  tanks,  and  instrumentation. 

2.2  LAUNCHER 

The  launcher  is  a  two- stage  light-gas  gun  consisting  of  a  powder 
chamber,  pump  tube,  high-pressure  section,  and  launch  tube.  The 
powder  chamber  and  pump  tube  are  used  with  a  variety  of  high-pressure 
sections  and  launch  tubes  ranging  in  internal  diameter  from  0.  5  to 
1.0  in.  Some  idea  of  the  velocity  capability  of  this  launcher  as  a  function 
of  in- gun  weight  is  given  in  Fig.  1. 
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Two  main  types  of  sabots  {Fig.  2)  are  used  with  this  launcher. 

1.  Aerodynamic  -  The  aerodynamic  forces  separate  the  model  and 
the  split  sabot. 

2.  Mechanical  -  The  separating  forces  are  provided  by  mechanical 
means.  The  model  is  initially  separated  from  the  sabot  by  steel 
pins  placed  at  the  muzzle  exit  and  set  to  interfere  with  sabot 
alone.  The  sabot  is  then  trapped  by  a  piece  of  lead  which  has  a 
hole  in  its  center  to  allow  passage  of  the  model,  or  is  deflected 
onto  a  catcher  plate  by  an  inclined  ramp  adjusted  such  that  the 
model  can  pass  freely.  Both  types  of  strippers  have  their 
particular  applications. 

2.3  BLAST  AND  RANGE  TANKS 

Both  of  these  tanks  are  6-ft-diam  cylinders  connected  by  a  short 
spool  containing  a  high-vacuum  valve  which  permits  the  isolation  of 
the  two  tanks. 

The  blast  tank  is  12  ft  long  and  has  a  series  of  ports  along  the  sides 
and  upper  surface  to  permit  X-ray  photography  of  the  model  and  sabot 
leaving  the  muzzle  of  the  gun.  At  the  downrange  end  of  this  tank  is  an 
easily  removable  plate  with  a  small  hole  in  its  center.  This  plate 
serves  the  purpose  of  restricting  the  flow  of  muzzle  gas  into  the  range, 
preventing  entry  of  sabot  fragments  generated  by  stripping,  and  also  of 
minimizing  the  effect  of  muzzle  flash  on  downrange  detection  equipment. 

The  range  tank  is  103  ft  long  and  is  equipped  with  dual- axis 
shadowgraph  stations  installed  at  approximately  15-ft  intervals.  This 
system,  wholly  outside  the  range  tank  except  for  the  plastic  Fresnel 
lenses,  was  designed  primarily  to  photograph  the  positions  and  attitude 
of  the  model. 

The  blast  and  range  tanks  have  independent  pumping  systems  which 
greatly  facilitate  testing  at  low  pressures  because  the  range  tank  can  be 
kept  at  a  low  pressure  while  the  gun  is  cleaned  and  reloaded.  A  check 
on  the  capability  of  the  range  tank  pumping  system,  which  consists  of  a 
mechanical  pump,  a  Rootes  blower  and  an  oil  diffusion  pump,  indicates 
that  pressures  on  the  order  of  0.  001  mm  Hg  can  be  attained  relatively 
easily. 
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2.4  INSTRUMENTATION 

Over  the  range  of  pressures  considered  herein,  two  pressure 
gages  have  been  used: 

1.  Oil  micromanometer  -  This  gage  is  based  on  one  designed  for 
the  University  of  California  low-density  wind  tunnels  and 
used  extensively  in  the  VKF  low-density  and  hypersonic  wind 
tunnels  (Ref.  1).  This  instrument  has  proved  to  be  reliable, 
repeatable,  and  to  have  a  resolution  on  the  order  of 

0.  0015  mm  Hg. 

2.  Baratron -This  gage  is  a  variable  capacitance  pressure  trans¬ 
ducer  capable  of  accurate  measurements  down  to  0.  03  mm  Hg. 

Above  0.  5  mm  Hg,  where  the  micromanometer  still  has  sufficient 
resolution  to  give  an  accurate  measurement,  both  gages  are  in  good 
agreement.  Below  this  pressure  a  new  pressure  calibrating  device, 
designed  and  built  in  VKF,  is  being  used  to  check  the  Baratron.  These 
gages  and  another  one  used  for  higher  pressure  levels  are  all  connected 
to  a  stainless  steel  manifold  which  can  be  isolated  from  the  range  when 
not  in  use  and  kept  at  a  low  pressure.  This  technique  has  been  helpful 
in  reducing  the  contamination  of  the  gages  by  the  range  environment. 

Range  tank  temperature  is  measured  with  copper- constantan  thermo¬ 
couples  located  at  four  stations  along  the  length  of  the  range  tank. 

For  the  present  investigation,  a  shadow  detector  has  been  used  to 
trigger  the  spark  shadowgraph  system.  This  consists  of  a  beam  of  light 
shining  across  the  model  trajectory  onto  a  phototransistor.  The  inter¬ 
ruption  of  this  light  beam  by  the  model  causes  an  electrical  pulse  to 
trigger  the  shadowgraph  spark  source  which,  in  turn,  stops  or  starts 
the  chronograph  connected  to  that  station. 

Shadowgrams  of  the  model  are  obtained  for  each  of  the  six  orthogonal 
stations.  Model  position,  with  respect  to  the  range  master  axis  system, 
is  then  determined.  These  position  data,  together  with  the  timing  values 
obtained  with  the  10- me  chronographs,  permit  the  velocity  to  be  calcu¬ 
lated  to  an  accuracy  generally  better  than  ±0.  03  percent. 

SECTION  III 

LIGHTWEIGHT  MODELS 

Experience  with  the  operation  of  Range  K  has  indicated  that,  pro¬ 
vided  the  velocity  drop  over  the  instrumented  length  is  at  least  1  per¬ 
cent,  the  sphere  drag  coefficient  can  be  measured  with  an  accuracy  of 
±1.  5  percent. 
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The  drag  coefficient  of  a  body  in  free  flight  can  be  expressed  in 
the  form; 


Cd  =  m 


dV 

til 


2 

p  V2S 


(1) 


Or,  rewriting  model  mass  in  terms  of  model  diameter  and  density, 


CD  =  (4/3)  [(Pmd)  i  (p V3)J (dV/dt) 


(2) 


If  we  consider  a  1-percent  velocity  drop  for  a  1/2-in.  -diam  steel 
sphere  having  a  drag  coefficient  Cp)  =  0.  9,  we  find  from  Eq.  (2)  that 
such  a  test  can  be  made  at  40  mm  Hg.  If  the  product  pmd  is  reduced 
by  several  orders  of  magnitude,  then  the  pressure  at  which  an  accuracy 
of  drag  measurement  of  ±1.5  percent  is  still  attainable  is  reduced 
correspondingly.  In  reducing  the  product  pmd,  detector  performance 
limitation  makes  it  desirable  to  confine  sphere  diameter  to  a  minimum 
of  1/8  in.  Now  for  the  steel  sphere  considered  above,  Pmd  =  240  in.  - 
' lb / ft3 ;  for  a  1/8-in.  -diam  sphere  having  a  density  of  1  lb/ft^,  this 
product  is  1/8.  This  implies  that  the  pressure  at  which  such  a  model 
could  be  tested  is  approximately  0.  02  mm  Hg  (assuming  Cq  =  0.  9). 

The  problem  is  to  achieve  these  very  low  model  densities. 


Hollow  metal  models  were  considered,  but  it  was  found  that  models 
of  this  form,  when  they  were  made  light  enough  to  satisfy  the  above 
requirement,  were  not  strong  enough  to  survive  launching  from  a  light  - 
gas  gun.  Models  of  this  order  of  density  could  be  easily  made  from 
foamed  plastics.  However,  little  data  were  available  on  the  strength  of 
foamed  plastics  when  exposed  to  the  loads  experienced  in  a  light -gas 
gun. 


Therefore,  to  obtain  some  idea  as  to  the  feasibility  of  using  foamed 
plastic,  a  large,  1.  8-in.  -diam  sphere  was  machined  from  a  slab  of 
foamed  plastic  (Styrofoam®)  having  a  density  of  approximately  2.5  lb/ft^. 
This  particular  material  is  used  extensively  as  insulation  in  building 
construction.  It  is  characterized  by  a  small  cellular  structure  which 
machines  well,  although  the  surface  finish  would  be  termed  aerodynami- 
cally  rough.  A  2.3-in.  -cal  single-stage  gun  was  used  to  launch  this 
sphere  at  a  velocity  of  4450  ft/sec  into  a  pressure  of  0.  1  mm  Hg.  The 
resulting  orthogonal  shadowgraph  (Fig.  3)  pictures  indicate  no  significant 
model  deformation  under  these  conditions  of  launch.  The  debris  between 
the  model  and  sabot  is  considered  to  have  originated  in  the  machining 
process,  where  it  was  occluded  in  the  surface  structure,  and  was  shaken 
loose  by  the  launching  pressure  pulses.  Perhaps  the  most  striking 
aspect  of  these  pictures  is  the  fact  that,  although  no  attempt  was  made 
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to  strip  the  model  from  the  sabot,  the  separation  between  the  model  and 
sabot  increased  with  distance  downrange  even  though  the  weight  ratio  of 
sabot  to  model  was  on  the  order  of  100:1.  (It  was  found  in  subsequent 
tests  with  these  foam  models  that  at  low  pressures  there  was  a  tendency 
for  natural  separation  to  occur.  ) 

Although- it  was  realized  that  a  model  with  this  type  of  porous  sur-' 
face  would  not  be  acceptable  aerodynamically,  it  was  decided  to  pursue 
the  investigation  to  higher  velocities  with  smaller  models.  Using  the 
1-in.  -diam  launch-tube  configuration,  it  was  found  that  3/4-in.  -diam 
models  of  this  material  could  be  launched  to  velocities  of  15,  000  ft/sec. 

In  this  part  of  the  study  it  was  determined  that  the  mode  of  gun  operation 
was  not  important  for  velocities  on  the  order  of  8000  ft/ sec.  However, 
for  velocities  greater  than  this,  it  was  necessary  to  increase  the  piston 
weight  from  200  to  1000  gm  in  order  to  prevent  model  distortion  caused 
by  the  high  initial  loading  characteristic  of  the  lighter  piston. 

At  this  stage  of  development  it  was  decided  that  foamed  plastic 
models  could  generate  useful  aerodynamic  data  (i.  e. ,  drag  of  a  sphere 
at  low  pressures).  The  main  problem  was  to  produce  a  model  having  an 
acceptably  smooth  surface  finish.  From  this  point  of  view  the  most 
attractive  foamed  plastic  material  appeared  to  be  the  one  often  used  in 
the  manufacture  of  ice  chests,  packaging  for  electronic  equipment,  and 
children's  toys.  From  the  commercial  items  available,  it  was  evident 
that  a  good  surface  finish  could  be  achieved  for  small  complex  shapes. 

In  order  to  get  an  idea  of  its  structural  suitability,  several  spheres  were 
machined  from  a  slab  of  this  material  having  a  density  of  approximately 
1  lb/ft^.  The  results  of  these  launchings  were  sufficiently  encouraging 
to  warrant  further  investigation. 

A  search  of  the  literature  and  a  discussion  with  a  local  ice-chest 
manufacturer  revealed  that  the  material  is  called  Dylite®  and  that  it  is 
an  expandable  polystyrene  produced  by  Koppers  Company,  Inc.  Form¬ 
ing  shapes  from  this  material  is  a  two- stage  process.  The  original 
material  is  a  clear  plastic  bead  having  a  diameter  -which  varies  between 
1/32  and  1/8  in.  The  first  stage  in  the  process  is  to  place  the  beads  in 
a  steam  chest  where  they  expand  and  become  white  and  opaque.  (A 
section  through  one  of  these  spheres,  which  has  a  smooth  surface,  re¬ 
veals  that  the  internal  structure  is  composed  of  a  very  large  number  of 
minute,  uniform  cells . )  These  pre-expanded  beads,  three  to  five  times 
their  original  size,  are  loaded  into  a  mold,  and  steam  is  passed  through 
the  mold.  After  a  certain  length  of  time,  determined  from  experience, 
the  steam  flow  is  stopped,  the  mold  is  opened,  and  the  shape  is  removed. 
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In  applying  this  technique  to  the  manufacture  of  high-quality 
spheres  composed  of  single  beads  and  multiple  beads,  some  modifica¬ 
tions  to  the  above  commercial  method  have  to  be  made.  In  the  first 
expansion  of  the  beads,  the  fact  that  in  a  commercial  process  some  of 
them  are  of  poor  quality  makes  little  difference  to  the  structural  integrity 
of  an  item  that  contains  thousands.  For  the  present  application,  it  was 
found  that  by  carefully  selecting  the  best  of  the  pre- expanded  beads,  the 
number  of  failures  in  the  second  stage  of  molding  was  greatly  reduced. 

For  the  very  small  scale  of  the  effort,  as  opposed  to  a  commercial  under¬ 
taking,  the  beads  were  first  expanded  by  placing  them  on  a  light  aluminum 
tray  which  was  floated  on  some  boiling  water.  Because  of  the  small  scale 
of  the  models,  steam  could  not  be  passed  through  the  molds.  This 
problem  was  solved  by  making  the  molds  {Fig.  4)  out  of  several  well¬ 
fitting  pieces  and  depending  upon  the  natural  leakage  of  steam  into  the 
interior  of  the  mold  to  effect  the  expansion  of  the  beads  contained  therein. 
The  required  density  of  the  model  determines  the  number  of  pre-expanded 
beads  placed  in  the  mold.  The  mold  is  then  placed  in  the  container,  shown 
at  the  top  of  the  figure,  which  serves  as  a  clamp  for  the  mold.  Experi¬ 
ence  has  shown  that  the  quality  of  the  final  model  is  much  improved  by 
carrying  out  this  part  of  the  process  at  a  pressure  on  the  order  of 
30  psia.  For  this  purpose,  a  commercially  available  pressure  cooker 
is  used.  Photographs  of  some  of  the  models  and  sabots  are  shown  in 
Figs.  5  and  6. 

The  lowest  density  attained  with  this  method  was  very  nearly 
1  lb /ft3.  This  was  obtained  by  expanding  a  single  bead  to  1/4- in.  diameter. 
Many  attempts  were  made  to  expand  a  single  bead  to  7/ 16-in.  diameter 
which,  had  it  been  successful,  would  have  given  a  density  of  less  than 
1  lb/ft3.  However,  the  benefit  of  producing  such  a  model  was  not  great 
enough  to  warrant  the  large  number  of  attempts  that  it  soon  became 
evident  would  be  necessary.  All  models  having  a  diameter  greater  than 
1/4  in.  were  made  from  more  than  one  bead  and  had  densities  ranging 
up  to  5  lb/ft^.  A  different  technique  was  used  to  produce  the  l/8-in.  -diam 
spheres.  By  carefully  screening  the  pre-expanded  spheres,  a  number  of 
usable  1/8- in.  -diam  spheres  having  a  random  density  variation  was  found. 

Several  of  the  multiple  bead  models  were  sectioned  and  studied  under 
a  microscope.  This  revealed  that  the  bonding  between  the  individual 
beads  was  good  and  that  the  individual  beads  were  uniform  in  themselves. 

A  check  of  the  models  in  a  vacuum  chamber  indicated  that  there  was  no 
deformation  as  the  pressure  was  reduced. 

The  mass  changes  caused  by  outgassing  were  investigated  as  follows; 

A  slab  of  Dylite  approximately  1 .  5  by  6.  0  by  18  in.  was  weighed  and  then 
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placed  in  a  vacuum  chamber.  Seventeen  hours  later  it  was  removed 
and  reweighed.  A  weight  loss  of  2.  5  percent  (±10  percent)  was  noted 
immediately  after  removal  from  the  vacuum  chamber.  Further  meas¬ 
urements  were  made  which  indicated  a  regaining  of  weight  with  time. 

This  test  cannot  be  considered  conclusive  since  the  slab  of  Dylite 
collapsed  to  about  50  percent  of  its  original  volume  on  being  exposed 
to  the  vacuum.  The  reason  for  this  may  be  attributable  to  the  fact 
that  the  specimen  was  cut  from  a  larger  slab  and  consequently  the 
outer  surfaces  consisted  of  many  partial  beads.  Since  the  models  did 
not  collapse  under  static  testing  or  during  launch,  and  their  surfaces 
consisted  of  whole  beads,  the  weight  loss  from  a  model  presumably 
would  be  less  than  that  of  the  slab,  i.  e. ,  less  than  2.  5  percent. 

To  study  this  problem  further,  a  sphere  of  the  type  tested  in  the 
range  was  immersed  in  a  small  flask  of  well-outgassed  diffusion  pump 
oil.  The  flask,  oil,  and  model  were  then  weighed.  Then  they  were 
placed  in  a  bell  jar  and  held  at  a  pressure  of  0.  02  mm  Hg  for  30  min 
(a  time  comparable  to  the  exposure  in  the  range).  Bubbles  were  seen 
to  emanate  from  the  sphere  in  this  time,  indicating  the  possibility  of 
surface  porosity  even  with  a  sealed  bead.  On  removal  from  the  bell 
jar  the  flask,  oil,  and  sphere  were  reweighed  and  found  to  have  a 
weight  loss  of  2.  5  percent  (±10  percent).  Furthermore,  no  distortion 
of  the  sphere  occurred. 

Although  the  changes  in  weight  indicated  by  the  two  experiments 
just  described  are  not  great  enough  to  cause  inadmissible  errors  in 
the  experimental  determination  of  drag,  there  is  an  additional  argu¬ 
ment  that  may  be  advanced.  Namely,  noting  that  the  spheres  were 
weighed  in  air  and  that  outgassing  would  remove  mainly  air,  then  it 
may  be  concluded  that  the  air  removed  by  outgassing  was  not  included 
in  the  weight  determined  by  the  balance  originally.  Thus,  no  change 
in  weight  arose  from  outgassing  of  air  alone. 

With  the  problem  of  manufacturing  the  models  solved,  the  next 
step  was  to  devise  a  successful  method  of  making  a  clean  launch. 

After  several  attempts  with  a  pin  and  lead  orifice  stripper  (Fig.  2),  it 
became  apparent  that  the  models  were  being  destroyed  by  the  debris 
generated  when  the  sabot  struck  the  lead  block.  The  pin  and  ramp 
stripper  shown  in  Fig.  2  has  proved  to  be  a  successful  method  for  launch¬ 
ing  these  models.  Orthogonal  photographs  (Fig.  7)  of  a  variety  of  models 
in  free  flight  in  the  range  show  that  if  there  is  any  model  distortion  it  is 
not  evident  in  photographs  of  this  type. 

The  results  of  some  sphere  drag  measurements  are  shown  in 
Figs.  8  and  9.  The  lowest  pressure  at  which  drag  measurements  have 
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been  made  is  approximately  0.  03  mm  Hg.  Lower  pressures  are  within 
the  capability  of  the  present  system;  the  indications  of  the  results  ob¬ 
tained  to  date  are  that  testing  at  pressures  of  0.  01  mm  Hg  should  pro¬ 
duce  meaningful  results.  At  such  a  pressure,  the  mean  free  path  in  the 
range  air  is  on  the  order  of  0.  2  in.  .  which  corresponds  to  a  Knudsen 
number  of  3  for  a  1/8- in.  -diam  model.  A  comparison  of  the  present 
results  with  those  obtained  in  low-density  wind  tunnels  (Refs.  2  through  9) 
indicates  a  good  measure  of  agreement. 

Some  limited  work  has  been  done  on  launching  blunt  cones,  facing 
both  forward  and  rearward  (Fig.  10).  Because  these  launches  were  only 
to  study  model  structural  behavior,  sabots  were  not  stripped.  The 
success  of  these  launchings  seems  to  indicate  that  the  measurement  of 
drag  of  other  ultralightweight  shapes,  in  addition  to  spheres,  is  within  the 
capability  of  the  present  system. 


SECTION  IV 
CONCLUSIONS 


The  usefulness  of  a  short,  variable  pressure  aeroballistic  range  for 
the  measurement  of  sphere  drag  has  been  shown  to  be  considerably  in¬ 
creased  by  the  use  of  ultralightweight  models.  In  fact,  it  has  been  shown 
that,  at  a  fixed  velocity,  useful  data  can  be  obtained  over  the  pressure 
range  from  0.  03  to  760  mm  Hg.  The  indications  are  that  if  this  technique 
were  used  in  longer  ranges,  usable  data  could  be  achieved  at  pressures 
as  low  as  0.  001  mm  Hg.  Such  a  technique  would  be  useful  in  that  high 
velocity  data  could  then  be  produced  in  the  near-free-molecule  flow 
regime  with  the  flow  properties  known  with  great  accuracy  and  with  no 
support  interference. 
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1.  MODEL  AND  SABOT  TOGETHER  IN  LAUNCH  TUBE . 

2.  MODEL  AND  SABOT  SEPARATED  AFTER  PASSING  THROUGH  PIN 
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3.  SABOT  ARRESTED  BY  LEAD  BLOCK  -  MODEL  PASSES  THROUGH  A 
HOLE  IN  THE  BLOCK  AND  ON  DOWN  RANGE. 


PIN  AND  LEAD  ORIFICE  STRIPPER 


1.-2.  AS  ABOVE. 

3.  SABOT  STRIKES  ANGLED  RAMP  AND  DEFLECTS  VERTICALLY. 

4.  SABOT  STRIKES  CATCHER  PLATE  -  SPHERE  PASSES  THROUGH 
HOLE  AND  ON  DOWN  RANGE. 
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1  2  3 

1.  MODEL  AND  SABOT  TOGETHER  IN  LAUNCH  TUBE. 

2.  PETALLED  SABOT  SPREADING  UNDER  ACTION  OF  AERODYNAMIC 
FORCES. 

3.  SABOT  ARRESTED  BY  CATCHER  PLATE  -  SPHERE  PASSES. 
THROUGH  HOLE  AND  ON  DOWN  RANGE. 

AERODYNAMIC  STRIPPER 

Fig.  2  Model  Separation  Techniques  Used  in  Range  K 
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Fig.  3  Orthogonal  In-Flight  Photographs  of  a  1.8-in.-diam  Foamed  Plastic  Sphere 
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Fig.  5  Models  Formed  from  Dylite 
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pig.  6  Dylite  Models  and  Their  Sabots 
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Fig.  7  Dylite  Spheres  in  Free  Flight 
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Fig.  10  Dylite  Cones  in  Free  Flight 
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